Manganese(II), nickel(II) and zinc(II) complexes have been prepared using various benzamideand biphenyl-derived ligands; their structures have been investigated using infrared spectroscopy and it is apparent that, depending on the ligand, the metal centres adopt octahedral, tetrahedral and distorted tetrahedral coordination geometries. The catecholase activity of the manganese(II) complexes has also been evaluated.
Results and Discussion
The ligands 1a-c (Scheme 1) were prepared by treating benzoic acid with carbonyl diimidazole (CDI) 13 in dimethylformamide (DMF), followed by the respective primary amines, histamine, 2-(2-aminoethyl)benzimidazole and 2-(2-aminoethyl)pyridine.
[Histamine had to be released from its dihydrochloride salt by treatment with sodium methoxide, while 2-(2-aminoethyl)benzimidazole was prepared from 1,2-diaminobenzene and β-alanine. 16 ] The synthesis of the biphenyl-derived ligand 2, which also contains imidazolyl groups, has been reported previously. 13 Schemes 2-5 outline the use of these ligands in the formation of manganese(II), nickel(II) and zinc(II) complexes, the structural assignments of which are based on a consideration of the microanalysis and infrared data. Microanalysis data for the various complexes are summarized in Table 1 . It is apparent that the manganese complexes 3a and 3c are mononuclear while complex 4 is dinuclear; all three complexes, however, contain two chloride ions (Scheme 2). The nickel complexes 5-7 (Scheme 3) all appear to be dinuclear and each complex contains four chloride ions. The diamide-and monoamide zinc complexes [8a,c and 9a-c, respectively (Schemes 4 and 5)] all appear to be mononuclear and contain only two chloride ions. The structures proposed for the various complexes (Schemes 2-5) are consistent with the microanalysis and corresponding infrared data (Table 2 ). Table 2 for ν(OH 2 ) data.
Mid-IR spectra of the complexes were used to establish whether the manganese ions coordinate through the amide nitrogen or oxygen atoms, while the environment of the coordinated chloride anions was determined by running spectra in the far-IR region. Both negative and positive shifts may be observed for the amide carbonyl band (amide I) − a negative shift indicating coordination via the amide oxygen, a positive shift coordination via the amide nitrogen. For the manganese monoamide complex 3a, the absence of any significant change in ν C=O coupled with a small positive shift (16 cm -1 ) of the benzamide NH band (relative to the free ligand) indicates coordination via the amide nitrogen, while the presence of the benzimidazole NH indicates coordination with the tertiary benzimidazole nitrogen. In the case of the pyridyl analogue 3c and the diamide complex 4, the significant positive amide NH band shifts, coupled with the negative C=O band shifts, are consistent with coordination via the amide carbonyl oxygen. The far-IR bands at 278 and 276 cm -1 are consistent with chloride ions in an octahedral environment in complexes 3a and 3c, respectively; the two, lower-frequency bands at 217 and 271 cm -1 for complex 4 are characteristic of chloride bridging. 17 Coordination of nickel through the amide oxygen in the diamide complex 6 is indicated by the small positive NH and negative C=O shifts. In complexes 5 and 7, coordination through the amide nitrogen is suggested by the positive amide NH shifts; complex 7 also exhibits a positive carbonyl shift, but complex 5 none. The presence of the amide NH band in all cases implies that deprotonation of the amide nitrogen has not occurred − an observation consistent with the microanalysis data for these nickel complexes. Very weak bands at 276 and 325 cm -1 in the far IR region were observed for complex 5 and are attributed to Ni-Cl stretches in a square planar environment. In the case of complexes 6 and 7 the strong bands in the 370-390 cm -1 region are attributed to chloride anions coordinated in a trans octahedral geometry. 17 The X-ray crystal structure for complex 11 (Scheme 6 and Figure 1 ) clearly confirms the tetrahedral geometry responsible for the two relatively strong bands at 289 and 329 cm -1 ; these values are characteristic of chloride ions coordinated in a tetrahedral environment 17 − in contrast with the somewhat lower values attributed to the square-planar complex 5. For complex 8a, the small positive shifts of both the amide carbonyl and amide NH bands indicate coordination through the amide nitrogen (the apparent broadening of the amide carbonyl band is attributed to the presence of DMF). In complex 8c, no shift of the amide carbonyl band is evident and the large positive shift (ca. 100 cm -1 ) of the amide NH band points to coordination with the amide nitrogen. The negative shift of the amide CO band in complexes 9a and 9b is an indication that coordination occurs with the amide oxygen atom. From the data in Table 2 it appears that the amide functionality in these complexes is resistant to deprotonation. Two Zn-Cl bands characteristic of tetrahedral geometry are anticipated in the far-lR region (ca. 295 and 327 cm -1 ) for complex 8a, but this was not observed. 17 Instead, a very strong, broad band, with shoulders, is observed at ca. 287 cm -1 . This band may reflect accidental degeneracy of the symmetric and anti-symmetric Zn-Cl stretches due to a distorted tetrahedral zinc arrangement within this complex. The mononuclear zinc complexes 9a and 9b exhibit less intense bands at lower wave-numbers in the far-IR region and these are attributed to Zn-Cl stretches in an octahedral arrangement.
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Page 254 © ARKAT USA, Inc. The phenolase and catecholase activity of the manganese(II) complexes were investigated to determine whether these complexes are capable of mimicking the active site of the enzyme tyrosinase. This was investigated because manganese is a redox metal and capable of binding oxygen -as can be seen in the formation of the complexes 3c and 4. In order to evaluate the 'phenolase' and 'catecholase' activity of the complexes, 3,5-di-t-butylphenol (3,5-DTBP) and 3,5-di-t-butylcatechol (3,5-DTBC) were used as the respective substrates. 19 It can be seen from the data summarised in Table 3 that while no phenolase activity was observed, catecholase activity was exhibited by the three manganese complexes 3a, 3c and 4. Phenolase activity requires initial axial binding of the phenol to the metal centre, followed by Berry pseudorotation of the trigonal bipyramidal complex, to expose the equatorial substrate to ortho-hydroxylation. This may be inhibited in these complexes and, as a consequence, no phenolase activity was observed. Catecholase activity is easier to achieve since it only requires a transfer of electrons and it is observed for complexes 3a, 3c and 4. The catecholase activities of the mangananese complexes complexes 3a and 4 are greater than those exhibited by our biphenyl dinuclear cobalt(II) complexes (≤ 88%) 5 and by our macrocyclic dinuclear copper(I) and copper(II) complexes (63% and 83% conversion, respectively), but comparable with the activity of our macrocyclic dinuclear cobalt(II) complex (100% conversion). 22 The catalytic oxidation of 3,5-DTBC to 3,5-DTBQ by a series of mononuclear manganese complexes has been reported previously, 23 
Conclusions
It is apparent that the benzamide-and biphenyl-derived ligands examined here form complexes with manganese(II), nickel(II) and zinc(II) and that, depending on the ligand, the metal centres in these complexes adopt octahedral, tetrahedral or distorted tetrahedral coordination geometries. The structures of the complexes have been assigned using elemental analysis data, mid-and farinfrared and, where appropriate, NMR spectroscopic data. Significant catecholase activity (75 -100% conversion within 24 hours) has been demonstrated for the manganese(II) complexes 3a, 3c and 4, while complexes 3a and 4 also exhibit encouraging recyclability (100% conversion within 24 hours). (1) 2197 (1) 1086 (1) 2108 (1) 41 (1) Cl (1) 3094 (1) 1985 (1) 3225 (1) 68 (1) N (1) 4142 (3) 589 (2) 1657 (2) 39 (1) C (1) 5243 (4) 1134 (2) 1417 (3) 46 (1) Cl (2) 861 (1) 1315 (1) 718 (1) 56 (1) C (2) 6558 (4) 879 (3) 991 (3) 51 (1) N (2) 1270 (3) 46 (2) 2744 (2) 33 (1) C (3) 6770 (4) 38 (3) 816 (2) 50 (1) C (4) 5679 (4) -526 (2) 1082 (2) 46 (1) C (5) 4344 (4) -239 (2) 1499 (2) 40 (1) C (6) 3092 (4) -831 (2) 1754 (3) 48 (1) C (7) 2390 (4 Low resolution mass spectra were obtained on a Hewlett-Packard 5988A mass spectrometer, and high resolution analyses on a Kratos MS8ORF double focussing magnetic sector instrument (Cape Technikon Mass spectrometry unit). Microanalysis (combustion analysis) was conducted at the University of Cape Town, and the data for the zinc complexes are reported in Table 1 . Melting points were obtained using a Kofler hot-stage microscope and are uncorrected.
N-[(2-Benzimidazolyl)ethyl]benzamide (1a)
Benzoic acid (1.00 g, 8.19 mmol) was dissolved in dry DMF (10 mL) in a round-bottomed flask fitted with a reflux condenser and drying tube. The solution was warmed to 40°C, and CDI (2.16 g, 13.32 mmol) was added with stirring. The mixture was stirred for 5 min at 40°C, after which time, gas evolution ceased. After cooling to room temperature, 2-(2-aminoethyl)benzimidazole ( 
N-[(2-Imidazolyl)ethyl]benzamide (1b)
Benzoic acid (1.00 g, 8.19 mmol) was dissolved in dry DMF (10 mL) in a round-bottomed flask fitted with a reflux condenser and drying tube. The solution was warmed to 40°C, and CDI (2.16 g, 13.32 mmol) was added with stirring. The mixture was stirred for 5 min at 40°C, after which time, gas evolution ceased. After cooling to room temperature, histamine (0.92 g, 8.19 mmol) was added. The resulting solution was stirred for 46 h at room temperature, and the reaction was quenched with H 2 O (7 mL). Volatiles were removed under reduced pressure and aqueous 1 M Na 2 CO 3 (50 mL) was added. The mixture was extracted with EtOAc (4 x 100 mL), and the combined extracts were washed with H 2 O (100 mL) and brine (100 mL), and dried (MgSO 4 ). 
